Mapping-by-sequencing is a rapid method for identifying both natural as well as induced 11 variations in the genome. However, it requires extensive bioinformatics expertise along with 12 the computational infrastructure to analyze the sequencing data and these requirements have 13 limited its widespread adoption. In the current study, we develop an easy to use tool, artMAP, 14 to discover ethyl methanesulfonate (EMS) induced mutations in the Arabidopsis genome. The 15 artMAP pipeline consists of well-established tools including TrimGalore, BWA, BEDTools, 16 SAMtools, and SnpEff which were integrated in a Docker container. artMAP provides a 17 graphical user interface and can be run on a regular laptop and desktop, thereby limiting the 18 bioinformatics expertise required. artMAP can process input sequencing files generated from 19 single or paired-end sequencing. The results of the analysis are presented in interactive 20 graphs which display the annotation details of each mutation. Due to its ease of use, artMAP 21 made the identification of EMS-induced mutations in Arabidopsis possible with only a few 22 mouse click. The source code of artMAP is available on Github 23 (https://github.com/RihaLab/artMAP).
Introduction 27
One of the key driving forces of evolution is de novo mutations that randomly occur in a 28 genome, which may become fixed through natural selection or genetic drift. Natural genetic 29 diversity can be used to identify genes responsible for phenotypes of interest either by 30 standard and Quantitative Trait Locus (QTL) mapping or through random genome-wide 31 integration of transgenes and transposons. Mutagenesis is then followed by the selection of 32 mutant lines which exhibit the desired phenotype. Induced mutagenesis generates a much 33 wider range of mutations than occur naturally, as many mutations would be selected against in 34 natural populations. The key advantage of forward genetic screens over reverse genetic 35 approaches, such as targeted gene knock-outs, is their ability to link biological functions to 36 unknown genes in an unbiased manner. Furthermore, in contrast to knock-outs, irradiation 37 and chemical mutagenesis produce a broad range of gene variants with different degrees of 38 functionality, which can be instrumental for studying a gene's regulation and its mechanism of 39 action. For these reasons, forward genetic screens have been successfully applied in a 40 number of model organisms to decipher the biological functions of many genes (Forsburg, 41 2001; Patton & Zon, 2001; Casselton & Zolan, 2002; Jorgensen & Mango, 2002; Page & 42 Grossniklaus, 2002; St Johnston, 2002; Shuman & Silvahy, 2003; Grimm, 2004; Kile & Hilton, 43 2005; Candela & Hake, 2008).
44
While forward genetic screens are one of the most effective approaches for gene 45 discovery, they still require a substantial time commitment and non-negligible monetary 46 investments. While screening for a mutant line with a desired phenotype is often tedious, 47 identification of the causative mutation is usually the main limiting factor in terms of resources, 48 manpower, and time. This process usually involves the generation of mapping populations, 49 which are used to associate a genomic region with the phenotype. The induced mutations in 50 the associated region are then identified and causally linked to the phenotype by 51 complementation tests or through the acquisition of independent alleles. In the pre-genomics 52 era, mapping populations were derived from crosses with a genetically divergent strain that 53 provided genetic markers for association mapping. Association mapping was used to identify 54 the broader region of the genome and then followed by sequencing methods such as 55 chromosome walking to identify the causative mutation. This approach is time-consuming and 56 prone to many limitations, including the density of known polymorphisms in the divergent 57 3 strain, introgression of unlinked phenotypic modulators, and distribution of meiotic crossovers.
58
With the advent of Next Generation Sequencing (NGS) methodologies, many of these 59 limitations were overcome by the direct sequencing of recombinant mapping populations.
60
Because this approach identifies induced mutations genome-wide, mapping populations can 61 be generated by back-crosses with parental strains using the de novo mutations as markers 62 for association mapping (Hartwig et al., 2012; Lindner et al., 2012) .
63
Forward genetic screens have been extensively used in Arabidopsis due to its well-64 annotated genome, self-pollination, and availability of genetic resources (Clouse et al., 1996; 65 Yin et al., 2002; Manavella et al., 2012; Berardini et al., 2015) . A genetic screen in Arabidopsis 66 begins with the mutagenesis of seeds (M0), usually by EMS, followed by screening self- To fill this void, we developed an easy to use tool with a graphical user interface, artMAP, 85 which can be used without any bioinformatics expertise to map EMS-induced mutations in 86 Arabidopsis and asses their association with the desired phenotype. 174 First, we assessed the feasibility of mapping recessive mutations with artMAP. For this, 175 we took data generated from the forward genetic screen for leaf hyponasty mutants (Allen et 176 al., 2013) where the recombinant mapping population (BC1F2) was produced by crossing the 177 M2 plant with non-treated parent followed by one round of self-crossing. Since this screen is 7 based on bulk segregation analysis of a recessive trait, the causal SNP should be present with 179 a frequency of 100% and surrounded by a collection of linked, high-frequency SNPs. Unlinked 180 SNPs should have a frequency of 50% as expected for the random inheritance of a 181 heterozygous SNP within a population. We unambiguously identified a region linked to the 182 phenotype on chromosome 3 with high-frequency mutations (Figure 3) . This included a 183 mutation in HST1 that results in a stop codon at position 451 (Trp451*). This mutation was 184 previously considered the causative mutation in this screen (Allen et al., 2013) . 
Implementation of artMAP to map EMS-induced mutations

